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RESULTS OF A WIND TUNNEL PRESSURE LCADS
TEST OF THE 0.03-SCALE SPACE SHUTTLE
ORBITER (MODEL 47-0) IN THE 8x7-FOOT

LEG OF THE NASA/ARC UNITARY PLAN
WIND TUNNEL (0A146)
by
John Marroquin

Rockwell International
Space Transportation & Systems Group

ABSTRACT

This document presents results from a wind tunnel test of a 0.03-scale

model Space Shuttle Orbiter (Model 47-0). Tests were conducted in the
Ames Research Center 8x7-foot leg of the Unitary Plan Wind Tunnel during
the period November 27, 1978 to December 7, 1978. The shuttle program

test designation was 0Al46 and the Facility Tesct Number was 318~1.

The test objectives met obtained both distributed pressures and force
and moment data on the orbiter vehicle (OV102) in the hypersonic £low
region for an zborted mission with orbiter return to launch site.

Additicnally, elevon hinge moments and wing lcads were recorded.

All configurations were tested at a nominal Mach number of 3.5.

Data were recorded at discrete values of angle of attack ranging from

00

tc 400, at 0° and #4° angle of sideslip. This test matrix required
approximately 154 rums and 116 tunnel hours to complete. Results are
reported in two volumes. Volume I contzins sample pressure plots and

tzbulated force data. Yolume II containc microfiche of the pressure

data tabulaticn.
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MNEMONIC

BREF

CA

CAEB

CAC

CBW

CHEI

CHEO

CEL

CLM

NOMENCLATURE

DESCRIPTION

Orbiter Sting Cavity Area, ft.2

Area over which Pi acts, ft.2

Wing balance bending moment, in-1bs.
Orbiter Wing Span, in.

Orbiter Axial Force Coefficient.
Adjusted for sting cavity axial force
coefficient.

Orbiter Base Axial Force Coefficient
Orbiter Sting Cavity Axial Force
Coefficient. (Sting cavity pressure

is adjusted to an average base pressure.)

Orbiter Forebody Axial Force Coefficient,

Crbiter Axial Force Coefficient uncorrected
ving bending moment coefficient

Elevon mean aerodynamic chord, in.

Wing mean aerodynamic chord, in.

Inboarcd elevon hinge moment coefficient,
about hinge line X, = 1387.0

Outboard elevon hinge moment coefficient,
about hinge line X, = 1387.0

Orbiter Rolling Moment coefficient, body
axis system

Orbiter pitching moment coefficient
adjusted for sting cavity axial force effect

Orbiter base pitching moment coefficient

Orbiter pitching moment coefficient,
uncorrected



NOMENCLATURE (Continued)

YMBOL MNEMONIC DESCRIPTION
CmF CLMF Orbiter forebody pitching moment coefficient
CNn CNB Orbiter base normal force coefficient
CNF CNF ?é:iEeENf§rebody normal force coefficient,
B

Cy CN Orbiter normal force coefficient, un-

corrected
CNW CNW Wing normal force coefficient
Ca CIN Orbiter yawing moment coefficient
Cpi cp Surface tap i pressure coefficient
Crw CTW Wing torsion coefficient
Cy cY Orbiter side force coefficient
Hey Inner elevon hinge moment, about X, = 1387.0
He Outer elevon hinge moment, about X, = 1387.0
Ly LREF Orbiter reference body length,

[IML Nose to X,] = 1290.3
M MACH Freestreém Mach number
Ny, Wing balance normal force, 1ibs.
Pi Pressure at Surface Tap i
P P Freestream static pressure
Pt PT Freestream total pressure
q Q or Q(PSF) Freestream dynamic pressure, lb/ftz.
RN RN/L Reynolds number per unit length; /ft.

model scale

Se SCALE Elevon reference area ft.?

"
Sw SREF Wing reference area, ft.”

tn



NOMENCLATURE (Continued)

SYMBOL MNEMONIC DESCRIPTION

T, TTF Freestream total temperature, °f

p Wing balance torsion, in-lbs

XMRP XMRP {(X), longitudinal; (Y) lateral; (2)

g M vertical moment reference point; inches

Y YMRP

MRP

Zyrp ZMRP

X/QB X/LB Longitudinal distance (X) from orbiter
nose to pressure orifice location divided
by orbiter body length %p)

X cop X/CBF Longitudinal distance (X) from body flap
hinge line to pressure orifice divided by
body flap chord length

Xy/Cyq XW/CW Longtiudinal distance (Xy) from wing

. leading edge to pressure orifice divided
by wing local chord (Cy)

Xy/Cy Xv/cv Longitudinal distance (XV) from leading
edge of vertical tail to pressure orifice
divided by tail local chord (CV)

X/cSB X/CSB Longitudinal distance (X) from speed brake
line to pressure orifice divided by speed
brake chord {Cgp)

Y/bBF Y/BBT Lateral distance (Y) from left hand side
of body flap to pressure orifice divided
by body flap span (byg)

Y /by Y/BW lateral distance (Y) from orbiter centerline
to pressure orifice divided by wing semi-span
(by/2)

Y, YO Lateral distance from orbiter centerline,
positive to the right, inches

Z/bgp Z/BSB Vertical distance (Z) from tail root chord
to pressure orifice divided by speed brake

an (b
span (by )

Zy/by, ZV/BV Vertical distance (Zy) from tail root
chord to pressure orifice divided by tail
span (b,



SYMBOL MNEMONIC
- TAP NO
o ALPHA
B BETA

Ks; -

K, -
Sbf BDFLAP
Se LEVON
Sei ELVI
Seo ELVO
Sr RUDDER
¢sb SPDBRK
¢ PHI

NF = g Sy Cx

AF = q Sy Cy

PM = q Sy ¢y Cp
YM = q Sy breF Cn
SF = q Sy CY

RM = g Sy brer Cy

Wing Load Indicators

™
m2

o

NOMENCLATURE (Continued)

DESCRIPTION

Pressure orifice number
Angle of attack, degrees
Angle of sideslip, degrees.

Inboard elevon deflection constant,
©/in-1b.

gutboard elevon deflection constant,
/in-1b.

Body flap deflection, degrees
Elevon deflection, degrees

Inboard elevon deflection, degrees
Outboard elevon deflection, degrees
Rudder deflection, degrees

Speed brake deflection, degrees

Radial position of pressure orifice on

orbiter fuselage; ¢ = 0 on bottom G,
positive clockwise from pilets view.

Orbiter Normel Force
Orbiter Axial Force
Orbiter Pitching Moment
Orbiter Yawing Moment

Orbiter Side Force

Rclling Moment

Momemt at Wing Gauge 1
Moment at Wing Gauge 2

Moment at Wing Gauge 3



NOMENCLATURE (Concluded)

Hinge Moments

Hei Inboard elevon hinge moment

Heo Outboard elevon hinge moment



INTRODUCTION

This report presents the results of tests on the OV-102 Orbiter where air-
loads and venting characteristics during Return te Launch Site (RTLS) entry
modes were obtained using a 0.03-scale model (47-0) in the NASA/ARC Unitary

Plan Wind Tunnel.

Testing was conducted at a nominal Mach number of 3.5 to cbtain data in a
. L . o
matrix of o/B conditions where the angle of attack varied from 0° to 40° at
. . e e . .
angles of sideslip of 0 and #4 . Control surface settings included;

(¢] (o)

©, +10%), cpeedbrake (0%, 25°, 55°, 87.2°), body flap

rudder (-10°, 0

o

(-11.7°, 0°, 16.3% and elevons (-15°, 0%, +10°).

Force data recorded included 6-component vehicle data, 3-component wing
data and both inboard and outboard elevon hinge moment data. Recorded
pressure date included twenty base pressures, two balance sting caviry

pressures and 617 model surface pressures.

Included in this report arse aetails of the data reduction techniques used

by the facility tc obtain the final data, complete information on instru-~
mentation locaticns, type and operations of all test instrumentation, specific
model configurations tested, and descriptions of the test facility and test

procedures.

Due to the volume cf pressure data obtained, only sample pressure plots are
presented. No force data plots were made. This repcrt is in two volumes.
Volume I presents the sample pressure plots and the force data tabulations.

Volume II contains micrcfiche of the pressure data tabulation. An index



INTRODUCTION (Concluded)

of the Pressure Data by page number and microfiche page number is shown below:

Pressure Data Print Normal Microiiche
4th Character ID Description Page No. Page No.

B Orbiter Fuselage 1-578 1-10

E Orbiter Base 579-805 10~13

F Body Flap -~ bottom 806-934 13-15

G Body Flap - top 935-1063 15-18

J Miscellaneous 1064~1158 18-19

L L.H. Wing - lower surface 1159-1963 19-32

P R.H. Inside Speedbrake 1964-2092 32-34

U L.H. Wing - upper surface 2093-2821 34-45

v Vertical Tail (L.S.) 2822-2981 45-48

NOTE: Tabulated pressure data displayed in
Volume 2 have been corrected for the
bad orifice readings listed in
Tables VIe through VIg.

10



CONFIGURATIONS INVESTIGATED

The test article provided was a 0.03-scale replica of the Rockwell

International Space Shuttle Orbiter.

This Orbiter was in accord with the Rockwell International "-140 A/B"
configuration as defined on model drawing SS-A00147, release 12, which is

a fairing of the VL70-~000140R wing, VL70-000200, to the VL70-000140A
fuselage. Additionally, the later VL70-000140C Orbiter Maneuvering System
(OMS) pods were substituted, these being a combination of the VL70-08410
ané VL70-08401 drawings. For the purpose of this test and report, this

combination is referred to as '-140 A/B/C/R."

The spacecraft was of blended wing body design with a double delta planform

(81°/45° ;w) 12% thick wing and full-span elevons with a 6-inch interpanel

E
zap between the independently deflectzable inner and outer panels. A single
centerline vertical tail with rudder and/or speedbrake capability was

mounted between the twe OMS pods, and 2z single body flap to aid ir trim
control during reentry from orbit was fitted on the lower trziling edge

of the fuselage; the rudder/speedbrake and body flaps were also deflectable

on this model. The uncovered RCS forward thruster ports at the fuselage nose

were simulated. The SSME nczzles were partially simulated. The simulated

Orbiter configuration is shown in Figure 2a.

Construction

The model was principally fabricated of Armco 17-4 and 7076-T6 Aluminum
Alley with some contouring with Renite, an epoxy filler resin. The model
was designred and constructed to have a safety factor of five (5) based on

ultimate strength, and three (3) based on yield strength on zll components.

11



CONFIGURATIONS INVESTIGATED (Continued)

The Orbiter was fabricated around a central balance block of 17-4 Armco
stock, bored and sleeved, to accept a 2.50-inch balance. Various alumi-
nuzm parts were attached to the balance block to make up the Orbiter. The
left~hand side of the Orbiter and Orbiter base were instrumented with 209

pressure taps.

The two OMS pods were fabricated of 7076-T6 aluminum alloy. The SSME and

OMS nozzles were simulated in aluminum as were the RCS thrusters. The
SSME nozzles were cut away to z2llow for sting clearance, The OMS pod was

instrumented with 22 pressure taps.

The wing was 2 2-piece aluminum article screwed to a central stainless steel
wing bezam. This beam, of cross-shaped planform, upported one wing on a
tang on each side of the central plate. The right-hand tang was instru-
mented with strzin gauges to form the 3-component wing load indicator
bzlance. While the center of this beam formed the auter mold line of the
tottom cf the Orbiter, the wings were made integral with the glove, and =
labyrinth seal was prcvided on the metric side to improve the data quality.
The left-hand wing was instrumented with 285 pressure taps. Each of the
wings was fitted with deflectable inboard and cutboard elevons which were
supported in torsion only by 2 beam mounted cn the hingeline, znd in all
ther degrees of freedem by plzin bearing hinges; also, on the scale hinge-
line, Identical right-hand and left-hand elevon supperte insured similar
aeroelastic deflections. The opposite end of the elevon support beam
was fitted with a bzall btearing to minimize hysterecis effects. Censtructicn

details are shovn in Reference 1. For negative elevon deflections (T.E. up),

[
o



CONFIGURATIONS INVESTIGATED (Continued)
simulated flipper doors were fitted to the upper wing surface.

An aluminum body flap with 40 pressure taps was provided. Pairs of holes
between the body flap bracket and the hinge shaft allowed for sélection of

deflection settings.

The vertical tail, constructed of 17-4 Armco, was a pressure-instrumented
csurface with 75 pressure taps (including one of the tase group #301). The
single-plane hinged rudder/speedbtrake assembly consisted cf peanels, each
individually pinned to the shaft. Sets of hole pairs between the panels
and the shaft provided speedbrake settings. The entire shaft was then
rotated and pinned to provide rudder deflecticnms. Thirty (30) additional
pressure taps were prcvided on the right side, inside face, of the speed-

brzake.

The followingz nomenclature was used to decignate the Orbiter model components

during this test:

Orbiter - B62 C9 E64 Pg M16 R5 V8 wl3l NllZ FD3 N28
Where:
Nemenclature Ccmpcnernts
~ -1

B, Body (-140 A/B)
C9 Canopy (-140 A/B)
E64 Elevons (0V-102)
F9 Body Flap
M16 Short OMS pods (-140C)
Ry Rudder (-146A)

13



CONFIGURATIONS INVESTIGATED (Concluded)

131

112

14

Vertical tail (-146A)
Wing (0V-102)
SSME Nczzles (0V-102)
Flipper Doors

OMS Nozzles



INSTRUMENTATION

The model was installed with the wings vertical on a single 6-component
internal strain gauge NASA/ARC 2.50-inch task MKXI balance, utilizing

both the Rockwell W-1185-5 36° bent sting 2nd the W-1185-3 15° bent cting.

Pressure instrumentation consisted of 639 static pressure orifices, in-
dividually plumbed to one of two scanivalve assemblies, each containing 8
S-type modules. The distribution of the prescure orifices over the model

is as follows:

Oribter Base 20
Main Balance Cavity 2
Fuselage 165
OMS Pod 22
Body Flap 40
Left Hand Wing 285
Vertical Tail 75
Speed Brake Cavity 3¢

Total 639

The array cf pressure taps is shown in Figures 2(d) thru 2(j). Tabulation

of the pressure tap locations is presented in Tables III thru V.

During the first 46 runs, it was determined that the low- and mid-range
scanivalves were bad. Those datz have been given vzlues of 0.0. Similarly,
a post—test review of the data has shown cther scattered pressure orifice
readings to te bad and these likewise have been given 0.0 values. Table

VI delineates the pressure data which have been deleted.



INSTRUMENTATION (Concluded)

The right-hand wing was supported on a single-beam three-component balance

which supported the panel in all degrees of freedom. Two bending moment
and one torsion moment flexures were provided. The wing load indicators

were calibrated by the Rockwell Los Angeles Division prior to test entry,

with the results given to Ames data reduction prior toc the test.

The right-hand elevons were instrumented to measure hinge moments directly
via a beam that supported the panel in torsion about a hinge line coincident
with the scale hinge lirne. The right-hand inboard and outbeard elevons
were calibrated by the Rockwell Los Angeles Division prior to test entry.
Gauge sensitivities and deflection ccnstants were furnished to Ames for

each elevon deflection.

411 instrumentation leads were routed internal tc the stings. Access
hcles for instrumentation leads were provided in the W-1185-S sting near
the orbiter base. All reference, backing, and calibrated pressure tubes

were also routed internal tc the sting.

The on-line data reduction for each run was obtained by using the ARC
DEC computer in the 9x7-ft. tunnel and the Beckman system in the 8x7-
ft. tunnel. The off-line calculations were provided by the ARC IBM 360

computer.

16



TEST FACILITY DESCRIPTION

The Ames 8x7-foot Supersonic Wind Tunnel is a closed-return, variable-
density test secticn. The nozzle has flexible side walls with fixed
upper and lower surfaces, Mach number range is continuously variable
from 2.45 to 3;5. Tunnel stagnation pressure can be varied from 0.3

to 2,0 atmospheres and Reynolds number per foot varies from 1.0 x 106

to 5.0 x 106.

17



TEST PROCEDURE

Before the test began, ceclibration and checkcut of all model! instrumentation
systems were performed at the Rockwell Los Angeles Division. The model and
all test equipment were then shipped to the NASA/Ames Research Center where

model/system reliability was demonstrated.

After receipt of the model and test hardware at ARC, additional check-out
procedures and medel preparation took place. The following pieces of

hardware were installed in the test section:

1) ARC/Ames 2.5-inch MKXI Balance

2) Rockwell 36° Bent Sting #W-1185-5
3) Rockwell 15° Bert Sting #W-1185-3
4) G/D 12-EK-090 Sting Pitch Mechanism
5) 12-ZK-090-3 Drag Link

6) 12-ZK-090-15 Sting Knuckle

A sketch of medel 47-0 instzlled or the above hardware in the ARC 8x7-foot
tunnel is shown in Figure 2b. Prior tc model installation cn the balance,
a éalibration of the Rockwell-W1185 sting, was performed to determine the
ratio cf knuckle angle tc model angle. Check lecading of the force balance
was accomplished by ARC personnel to determine deflection constante. This
weight/deflection calibration was performed in the tunnel using the test

hardwvare and the data reduction system.

18



DATA REDUCTION

Data measured and recorded during test OAl46 consisted of the following:

1) Tunnel freestream parameters
2) TForce balance data (for sting deflectiomns)

3) Model angle of attack and sideslip corrected for balance
and suppert-~-hardware deflections

4) Orbiter static pressures

5) Three-component wing balance data, reduced using first-
order interaction constants

6) Elevon hinge mcments

7) Elevon deflections adjusted for aercelastic loads

Standard arc methods for computing tunnel parameters, talancec forces

and moments, orbiter pressurec, and mcdel attitudes were used. Six-
cemponent fcrce and moment data were recorded and reduced for the orbiter.
Attitude and position locations of the model were corrected for sting/

balance deflections.

The following reference dimensions were used:

Symbecl vescription Mcdel Scale Full Scale
PREF  Wing Referenced Span, In. 26.1004 In.  936.68 In.
Ce Elevon Mean Aercdyramic Chord, In. 2.721 In. 90.7 Imn.
e Wing Mean Aerodynamic Chord, In. 14.244 1In. 474.8 In.
2, Orbiter Reference Length, In. 38.709 1In. 1290.31 In.

19



Symbol

DATA REDUCTION (Continued)

Value
Description Model Scale Full Scale

Orbiter Moment Reference Center

Xo 32.301 In. 1076.68 In.

Yo ) @

Zo 11.25 1In. 375.00 1p.
Balance Reference Center

Xo 32.469 In.

Yo ]

Zo 11.70 In.
Elevon Reference Area, Ft2 .1890 th 210 Ft2
Orbiter Reference Arez, Ft2 2.4210 Ft2 2690.0 Ft2



DATA REDUCTION (Continued)

Reference Dimensions and Constants

Symbol

Ac

A301
A302
A303
A304
A305
4306
£307
A308
A309
4310
A311
A312
A313
4314
A315
A316
A317
£318
4319
A320
A321
A322
4323
A324

A401 thru A404
A4Q5
A406
A4Q7
A408
A%409 thru A4l2
4413 thru A4lé
A417 thru A436
A437
A438
A439
Ab440

Location
Orbiter Sting Cavity

Orbiter Base

\f

Crbiter Body Flap

Value (FTZ, model scale)

.05476

0.023217
0.0156584
0.601327
0.011940
0.013798
0.007297
0.012603
0.017247
0.021758
G.015920
0.017247
0.014328
0.006103
0.026003

0
0.011551
0.010267
0.009838
0.0077004

34/orifice

OC)O
O
|..J

oo
oo
= e
O =
o U
o U
N e

0 009838
-0.0077004



DATA REDUCTION (Continued)

Standard NASA/Ames data reduction equations were used to reduce balance~

recorded forces and moments, and measured pressures.

All force data were reduced about the Orbiter moment reference center.
Axial force was adjusted for the difference between the average sting cavity
pressure and an average base pressure. Forebody axial force coefficient

was computed by adjusting the base pressure to freestream.

c, = CAU-CAC; c:AF = Cp - CAB
where
Cp, = -{C -C ) (Ac/Sy)
A \LP P C
C Cavc  Bave
and
Cp = (CP + Cp )/2
Cave 304 310
Cp = (C + C + C + C + C + C 6
Bave P306 P307 Pios P309 P312 L‘P313)/
324
{
CAB = (-1/8) a: Z (C’?i>(Ai) + (CpB ) (&0
' AVG
i=301

Normal force and pitching moment coefficients were adjusted for the base

area times the pressure terms as follows:



DATA REDUCTION (Continued)

318 . 440
Cyy = (-1/8) (tan 14.75°) 22 (Cp,) (A;) + (—l/Sw)zz (Cp,) (A1)
318 440
Cyp = (-1/5uCy) , -X, (tan 14.75°) 22 (Cpi)(Ai)-ijg (Cpy) (Ag)

i=301 324  i=40
(Cp)(a))
i=301

+ Zl

where X1, X2, and Z3 are distances to the centroid of the areas from the

moment reference center. Xy = 12.640; Xy = 14.640 and Zj = 0.450 inches,

model scale

i}

C Cy - C
NF hU Ng

Gip = Gy~ Og

The three-component wing balance data were reduced taking into account
the supplied first-order interactiomn constants. With mj, M>. and My, the

output of the three flexures, as iterated, and using the constants ap, d,

and ey as shown in figure 2(c))



DATA REDUCTIOX (Continued)

Nw = Wing Normal Force
= my - mp 1bs.
an
By, = Wing bending moment about Yo = 105
= mp + {m; - my}) d in-lbs.
an
Ty = m3 + (mj - m2) ey in-lbs.
amg
Tw = Wing torsion about X, = 1307
Following,
CNW = Ny
a5y
Cg, = v
95w bref
CT = TW
w =
S
Goyg <y

The elevon hinge moment gauge output is linear with applied moment ,

Then if,
Hoy = inboard elevon hinge moment
Hep, = outboard elevon hinge moment
c = H
hey ej
q SeCe
Che, = Heg
q SeCq
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DATA REDUCTION (Concluded)

The presented elevon deflection was adjusted for aeroelastic load

Sei = C%ei / no load + H . Kg.
ei i

eo = %o / no load + H Kg
eo )

where KG , K5- are linear deflection constants.

Pressure coefficients for all model pressure measurements were computed

using the equation:

CPi = (Pi - Po)/q

where:
Py = Pressure at surface tap i
Po = Freestream Static pressure
q = Freestream dynamic pressure, LB/FT2.
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TABLE I

TEST ¢ OA }J46

DATE ® 12/7/78

COMMENTS:

TEST CONDITIONS
A REYNOLDS NUMBER DYNAMIC PRESSURE kTAGNATION TEMPERATURE
MACH NUMBER (per unit length) (pounds/sq. inch) (degrees Fahrenheit)
3.5 2.5 xj0 375 /120°
BALANCE UTILIZED: TASK 2.5 MK
OEFFICIENT
CAPACITY: ACCURACY: %'OELERI#?I‘:%EZ

NF 1700/J700 b

SF 700/700 _ ibs

AF 1000 Jbs

PM _—_—

RM 2000 yn-lbs

YM
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TABLE VI.a.

PRESSURE DATA DELETED FROM ORBITER FUSELAGE

ELEMENT DSID BETA ALPHA PHI, ¢ X/LB
FUSELAGE Y3GBO1,02, ALL ALL 70° .2054
03,04,05 ’ .2558
.2751
f .3023
| .3526
Y L4224
82° .410
a0° L4224
i .3526
.3023
| .2751
, | .2558
.2364
Y Y Y v .2054
| Y3GB08 4 15 20 .1120
} P | 40 .8254
= ! 1 70 .8951
f \J \J \ 150 .2364
f Y3GB13 4 10 0 .2558,.2751
: i ‘ f 40 .2364,.2558
! ; | ! L0 .2751,.3023 ,
‘ : 1 | 40 .6518
! 55 .2364
; ; ’ | 120,165 .3023,.8641
g ; | g 135,150 .8641
Y Y v v 150 .3023,.8393
4 180 .2751,.3023




TABLE VI,b.

PRESSURE DATA DELETED FROM L.H. WING UPPER SURFACE

ELEMENT DSID BETA ALPHA | ;q =2Y/by X/Cy
LH WING UPPER | R3GU06,07, ALL ALL .342 .843
SURFACE 08,09,10,11 | i .534 .738
12,13 I .726 .55,.896
| ! ' \ .961 .765
Y Y 01,28,32,38 427 .25
R3GU14,15 ALL ALL .342 .843
; i ALL .534 .738
i 10,15,23 .726 .55,.896
! ! 30,35,40 .726 .55,.896
Y # 23,30,35,40 L4627 .25
R3GU16,17,18 ALL 10,15,23,30% %.342 .843
19,20 i 35,40 .534 .738
oy \ 30,35,40 .726 .55,.896
R3GU21 ALL 10 .342 .843
; ALL 10 .534 .738
K’ 8 10 .726 .55,.896
¢ R3GUO8 4 15 427 .802
R3GUOE 4 15 .299 .971




TABLE VI, c,

PRESSURE DATA DELETED FROM L.H. WING LOWER SURFACE

ELEMENT DSID BETA ALPHA | 2.=2Y/by, X/,
L.H. WING LOWER| R3GLO1 -4,0,4 35 .342 .809
SURFACE -4,0 35 .534 .738
4 35 .619 .725
-4,0 40 .342 .809
-4,0 40 .619 .725
-4 40 .726 .704
4 35 427 .802
-4,0,4 40 427 .802
0 40 .299 .836
0,4 40 .726 .704
Y 4 40 .342 .843
0,4 40 .897 .642
R3GLOS 4 15 .226 .780
R3GL13 A 10 .226 0,.03,.06,.54
R3GL13 4 10 0 0,.02
R3GL14 4 40 .299 .836
1 -4 30 .299 .836
| -4,0,4 15 .299 .836
-4 30 .342 .809
! .534 .738
! .619 .725
, , \j .726 .704 |
v 4 35 726 .704 i
' 4 35 .619 .725
R3GL1S -4 35 .534 .738
! 0 ! .299 .836
o 0 ! .342 .809
| 0 4 427 758 |
, 42 . 1
| P -4,0 40 .726 .786
‘ Q -4,0 40 .961 .558
4 40 .897 641
R3GL16 -4,0,4 10,15,23 | .726 .704
v ! ! 30,35,40 .726 .704
\J v .53 .738
427 .758
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TABLE VI.c.{Concluded)

PRESSURE DATA DELETED FROM L.H. WING LOWER SURFACE

ELEMENT DSID BETA ALPHA |y =2Y/by, X/Cuy
L.H. WING LOWER| R3GL17 -4,0,4  [23,30,35,40 427 .802
SURFACE R3GL21 0,8 10 .726 .25
R3GL21 8 10 .961 .558
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TABLE VI.d,

PRESSURE DATA DELETED FROM VERTICAL TAIL

ELEMENT DSID BETA ALPHA Z /by X/Cy
VERTICAL TAIL R3GV18- ALL 40 .697 .520
R3GV19 ALL ALL 919 .520
R3GV20 4 15,23,35 .570 .680

: -4 23,30 f i

l 0,4 30,40 v
4 30,40 .697 .680




TABLE VI.e,

PRESSURE DATA DELETED FROM SPEEDBRAKE

ELEMENT - DSID BETA ALPHA z/b X/C
SPEEDBRAKE R3GPC8 4 15 .407 .9
R3GP16 -4 40 .110 .9
R3GP17 ALL 0,5,10,15 .118 .9

R3GP18 -4 15,23 .110 .65

; ALL 0,5,10,15 .110 .90

\J 4 35 .110 .90

R3GP19 ALL 35,40 .110 .90

ALL ALL ALL .856 .10

[ .567 .40

l l .254 .90




TABLE VI.f,

PRESSURE DATA DLLETED FROX TOP SURFACE OF BODY FLAP

ELEMENT DSID BETA ALPHA | (Y/b)ps (X/C)pt
BODY FLAP TOP R3GGO6 ALL ALL .80 .20
SURFACE through ' ]
R3GG21 ‘ ‘
Y ' L Y
R3GGO6 ALL ALL .10 -.10
| 5 8 .10 .95
¢ 5 13 .50 .60
5 20 .50 .95
R3GGO7 4 15 .50,.65 .60
R3GGO8 4 15 .90 .20
R3GGO9 4 15 .10 .95
R3GG09 4 23 .50 .60
R3GG10 4 15 .10 , .95
R3GG13 4 10 .1,.5,.65,.8 .95
R3GG14 -4 0 .80 j .60
R3GG15 -4 0 .80 .60
R3GG15 4 35 .10 .20
R3GG16 -4 0,15 .80 : .60
R3GG17 -4 0 .80 | .60,.95
R3GG18,19,20 -4 0 .80 i .60,.95
| A 0 .8C | .05
Y Y -4 15 .80 .60
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PRESSURE DATA DELETED FROM MISCELLANEOUS LOCATIONS

TABLE VI.g.

ELEMENT

DSID

BETA

ALPHA

TAP #

Miscellaneous

R3GJ13

I~

10

912
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‘ Positive Aero Forces. Hinge

E Deflection of Angle and Moments Moment

Rudder, Sr +B , -¥ +Cy , -C, 'Chr

Elevon, Se - , -8 -C_ Cne

Right, & - ) -Cp.

ight, ep ¢ Cy h"R

Left, Sey +¢ +Cy 'CheL
Aileron, 83 +¢ +Cy

Body Flap, Opsf @, -0 -Cp “Chpe

Figure 1lb. Control Surface Deflections
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l 1

x;-‘ x, e ao—\
2 DISTANnCE BEFT/ECA
- BEWDI Al PICAIENT GAGESL

Yo

F"v

d s DTaME FROAMt Youros,
e ¥y FXPCSEDO wiaG RoOOP
: CrORD 7O GAGE * 2
L—x ._.{
e 2l Com® LisTANCE Foonr Yoo /307
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N t Y
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C. Wing Balance Transfer Diagram

Figure 2 (Continued)
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h. Inside Speedbrake Pressure Instrumentation

Figure 2 {Continued)
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Figure 2 (Concluded)



Appendix

Tabulated Data
(Microfiche Only)

Index

Pressure Data

4th Character ID

Description

a B o SR D Be s B oo BN v+

-
L]

“
<4

Orbiter Fuselage

Orbiter Base

Body Flap - bottom

Body Flap ~ top
Miscellaneous .

L.H. Wing - lower surface
R.H. Inside Speedbrake
L.H. Wing - upper surface
Vertical Tail (L.S.)

NOTE: Tabulated pressure data have
for the bad orifice readings
Tables VIa through Vig.

52

Tabulated Microfiche
Page No. Page No.
1-578 1-10
579-805 10-13
806-534 13-15
935-1063 15-18
1064-~1158 18-19
1159-1963 19-32
1964-2092 32-34
2093-2822 34~45
2822-2981 45-48

been cerrected

listed in



